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(54) Water insoluble non-ionic graft copolymers 



(57) A non-ionic graft copolymer has a hydrophobic 
backbone and non-ionic, hydrophillc side chains having 
a molecular weight of jat least 500, preferably 100-2000 
Is substantially insoluble in water, but soluble in an 
aqueous vehicle, and is particularly suited for use in 
aqueous coating connpositions in which water com- 
prises no more than 80% by weight of the vehicle for the 
composition. 
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Description 

Background of the Invention 

5 [0001 ] This invention relates to polymers and. more particularly, to non-Ionic graft copolymers that are soluble in aque- 
ous vehicles but are substantially insoluble in water. The graft copolymers are particularly useful as film-forming binders 
in aqueous dispersions, such as paints or inks, and overcoat compositions. 

[0002] For many reasons, aqueous dispersions are widely used as coating compositions, such as paints and inks. 
While these aqueous dispersions have the obvious environmental benefits over their solvent-based counterparts, the 

70 aqueous nature of the dispersion creates some unique disadvantages. For instance, the components in an aqueous 
dispersion need to be soluble or dispersible in the vehicle, which is mostly water. Thus, the coating tends to be sensitive 
to water or high moisture, which makes it unsuitable for many of its intended applications. To overcome this problem, a 
class of polymers known as binders has been developed. TTiese binders, when added to the coating composition, are 
intended to function as film forming agents that effectively bind the various components of the coating together, partic- 

15 ularly the pigment particles used in such coatings, as the coating dries or cures. The use of a proper binder can dra- 
matically improve certain properties of the coating, such as resistance to, smear, abrasion, water and washing (i.e.. 
detergents). 

[0003] An additional challenge is presented in selecting binders for ink applications, particularly ink jet inks. Ink jet ink 
printing is a form of digital printing in which droplets of ink are made to be ejected (i.e.. T\re") from an orifice In a prirrt- 

20 head or a spray nozzle in response to an electronic signal from, for example, a computer. Examples of ink jet printing 
include the thermal ink jet printing, piezoelectric ink jet printing, continuous ink jet printing and air brush printing. 
[0004] While paints and other coating applications can be in a variety of ways, ink jet inks must be applied by ejecting 
or jetting small droplets of ink from an orifice in a printhead. In addition, the ink must be formulated such that it will not 
form a film on the components of the printhead (e.g.. resistors used in thermal ink jet printheads), won1 puddle on the 

25 orifice plate, and woni dry out and clog the openings in tiie orifice plate. Further, ink jet inks have a much nanower vis- 
cosity tolerance than do paints or similar coating applications. Thus, tt is far more difficult to formulate ink jet inks as 
compared to other coatings and. in particular, the requirements of the binder polymer are signif icantiy more demanding. 
F r example, whereas a paint might be formulated to contain 30-40% by weight of a binder polymer, an ink cannot tol- 
erate more than about 20% as a theoretical maximum given tiie cunrent printhead technology and, in most prior art. tiie 

30 binder content cannot exceed about 2-4% by weight of the ink composition. - 

[0005] In tiie past decade, Inkjet printing, particularly the thermal and piezo forms, has become extremely popular for 
home office, small office and personal printer applications, primarily due to its relatively low cost, speed and quite oper- 
ation. In more recent years, the popularity of Inkjet printing has Increased even further due to the introduction of sys- 
tems (printers, software, media and inks) offering very high quality (near photographic) color and graphics capabilities. 

35 As th capabilities of ink jet technology increase, the use of such technology has expanded into other market segments, 
such as in large format and very large format applications. In general, the terms "large format" and "Very large format" 
are used to define a class of printers that operate with a particular size media. For example, large format is commonly 
used to mean printers utilize media of not less than 17 inches in the smallest dimension and very large format is nor- 
mally used to mean printers that utilize media of not less than about 60 inches in the smallest dimension. Such printers 

40 are used for applications such as banners, signage, displays, posters, billboards, as well as textile printing applications 
for clothing, fabrics, draperies and similar applications. 

[0006] The use of ink jet printing in tiie large and very large format applications (for convenience, collectively referred 
to as "large format") has important advantages, not tiie least of which is tiie savings in short production runs over more 
traditi nal analogue printing methods. Yet, there are also disadvantages. For example, the types of final products pro- 

45 duced for these applications may be subject to the elements in outdoor usage (e.g. billboard or awning applications), 
laundering (e.g.. clothing applications), abrasive friction (e.g., automobile interior fabrics), etc. and thus need to be far 
more lightfast. waterfast, washfast and abrasion resistant than typically required for office or home printing applications. 
While much improvement has been made in enhandng lightfastness and waterfastness of ink jet inks in recent past, 
due to the use of pigment colorants, there is a need in tiie art for improving the resistance of ink jet inks to smear, abra- 

50 sion and washing. 

9ummary pf the Inventio n 

[OGOT] In one aspect, the invention comprises a non-ionic graft copolymer binder ha'/ing a hydrophobic backbone and 
ic non-ionic, hydrophilic side chains, which binder is soluble in an aqueous vehicle but substantially insoluble in water. 
[0GO8] In another aspect, th invention comprises an aqueous coating composition comprising 

a) an aqueous vehicle comprising no mor than 80% by weight water, the remainder of the vehicJ comprising 
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water soluble or water miscible organic co-solvents; 

b) a non-ionic graft copolymer binder having a hydrophobic backbone and non-ionic, hydrophilic side chains, which 
binder is soluble in the aqueous vehicle but substantially insoluble in water. 

5 [0009] In yet another aspect, the invention comprises a washfast, detergent-resistant aqueous ink particularly suited 
for textile printing, comprising: 

a) an aqueous vehicle comprising no more than 80% by weight water, the remainder of the vehicle comprising 
water soluble or water miscible organic co-solvents; 
10 b) an insoluble colorant, preferably a pigment and polymeric dispersant; and 

c) a non-ionic graft copolymer binder having a hydrophobic backbone and non-ionic, hydrophilic side chains, which 
binder is soluble in the aqueous vehicle but substantially insoluble in water. 

Detail Description off the Embodiments 

15 

[0010] The inverrtion provides a non-ionic graft copolymer binder and an aqueous coating conrtposition containing 
same, that is particularly suitable for use in aqueous pigmented ink jet Inks. Inks incorporating these graft copolymers 
are disclosed in co-pending US Application No. 09/120,922, filed contemporaneously herewith (Docket No. IJ-0007), 
the disclosure of which is incorporated herein by reference. 

20 

Aqueous Vehicle 

[001 1] TTie aqueous vehicle is a mixture of water and at least one co-solvent and comprises no more tiian 80% by 
weight, of water. The co-solvent used is determined primarily by the end use application. However, the co-solvent is typ- 
25 ically water soluble or water miscible so as to form a single phase vehicle with water. 

[001 2] The precise composition of the aqueous vehicle will vary depending upon the type of composition being made, 
its ultimate use, the metiiod of applying the composition, tfie type of substrate being coated and tiie other ingredients 
in the composition. Generally speaking for ink applications, tiie vehicle comprises preferably 60-70% water, with the bal- 
ance being a mixture of one or more gylcols, a glycol etiiers and pyrrolidones. Representative water-miscible or water 
"30 soluble co-solvents for ink applications are disclosedin US 5.221;334, incorporated herein by reference. ~ 

Non-tonic Graft Copolymer 

[0013] The graft copolymers of this invention comprise a hydrophobic backbone with non-ionic, hydrophilic side 

35 chains. The copolymers are soluble in the vehicle, but substantially insoluble in water. 

[0014] The non-ionic hydrophilic side chains of the graft copolymer comprise maaomonomers which are soluble in 
water but are insoluble in non-polar organic solvents. The water-solubilrty of these macromonomers enable the graft 
copolymer to miscible in an aqueous vehicle. The non-ionic nature of the side chain allows the binder to be washfast 
even to soaps and detergents, which are generally anionic or cationic and will solubilize species of the opposite ionic 

40 charge. The non-ionic nature of the side chains also reduces tiie risk of conosion of metal pens or otfier application 
devices. The macromonomers are made from nonnonic monomers such as ethyoxytrietiiylene glycol methacrylate, 
methoxypolyetiiylene oxide methacryate, metiioxypolyethylene oxide acryate, polyethylenoxide metiiacrylate, polyeth- 
ylene oxide acrylate, N-vinyl pyrrolidone and the like. 

[001 5] The hydrophobic backbone serves as the water-insoluble, abrasion resistant portion of the binder. By selecting 
45 monomers of appropriate glass transition tenperatures and crystailinities, binder properties such as hardness, flexibil- 
ity, and durability can be adjusted. The hydrophobic backbone of the graft copolymer is prepared from monomers such 
as methyl acrylate, methyl metiiacrylate, styrene, alpha-methyl styrene. phenyl acrylate, phenyl metiiacrylate, benzyl 
acrylate. benzyl methacrylate. 2-phenylethyl acrylate, 2-phenylethyl metiiacrylate, 2-phenoxyethyl acrylate, 2-phenox- 
yethyl methacrylate. 1-napthalyl acrylate. 2-naphthalyl acrylate. 2-naphtiialyl metiiacrylate, p-nitrophenyl acrylate. p- 
50 nitrophenyl methacrylate. phthalimidomethyl acrylate, phthalimidometfiyl metiiacrylate. N-phenyl acrylamide. N-phenyl 
methacrylamide, N-benzyi acrylamide. N-(2-phenylethyl)acrylamide, N-{2-phtiialimidoethoxymethyO acrylamide, vinyl 
benzoate. etiiyl acrylate. n-butyl acrylate. 2-etiiylhexyl acrylate, ethyl metiiacrylate, n-butyl methacrylate. t-butyl meth- 
acrylate, 2-ettTyihexyl methacrylate. cydohexyl metiiacrylate, vinyl acetate, vinyl butyrate, and the like. 
[001 6] The hydrophobic backbone may contain up to 30% by weight, based on the total weight of tiie graft copolymer, 
55 of a hydrophilic non-ionic monomer, as listed above. Similarly, the hydrophilic side chains may contain up to 30% by 
weight, based on total weight of tiie graft copolymer, of a hydrophobic monomer, as listed above. The side chains have 
a number average molecular weight of at least 500, preferably 1.000 - 2,000. The side chains comprise 15 - 60% by 
weight of the graft cop lymer, preferably 20 -50%. By adjusting the hydrophilic/hydrophobic balance of the backbone 
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V 



and side chains, the binder can be tailored for solubility in aqueous vehicles, while in itself being water insoluble. 
[001 7] Although random copolymers can be used as binders, they are not as effective in solubility and durability prop- 
erties as graft copolymers. Since random copolymers exhibit the average properties of the individual monomers, bal- 
ancing properties to yield binders which are soluble in aqueous vehicle while being substantially insoluble in water, 
5 which are durable, abrasion resistant and flexible, and which can be reliably applied from demanding devices such as 
an Inkjet head is very difficult, if not inpossible. to achieve. 

[0018] The graft copolymers are prepared using standard grafting techniques known to those skilled in the polymer 
art Particular synthesis techniques and conditions are set forth in the examples. 

w Other Ingredients 

[001 9] The coating compositions encompassed by this invention can contain other ingredients as desired for the par- 
ticular application. For example, if the composition is intended for use as an ink. a pigment and dispersant, or a dye col- 
orant can be added, as is knovm in tiie art. In addition, standard Ink adjuvants such as surfactants, bioddes. 
, 75 sequestering agents, humectants. coalescents. viscosity modifiers, defoaming agents. UV absorbers, corrosion inhibi- 
tors, and the like may be used to advantage. Many of tiiese types of additives are also used in other coating composi- 
tions (e.g.. paints), although the precise compound used in each application is likely to be different. 
[0020] For example, when the coating composition is intended for use as an overcoat conposition to protect images 
on vinyl and otiier hydrophobic substrates, it has been found advantageous to incorporate a silicone or f luorinated sur- 
20 factant. Such surfactants are disclosed in co-pending US Patent Application No. 08/867,373. filed June 2. 1 997. tiie dis- 
closure of which is incorporated herein by reference. Particularly prefen^ed are tiie BYK brand of silicone surfactants 
from BYK-Chemie. the Silwet® brand of silicone surfactants from OSI Specialties and tiie Zonyl® brand of f luorinated 
surfactants from DuPont. 

25 Examples 

Example 1 

[0021 ] A 5-liter flask was equipped with a mechanical stirrer, tiiermocouple. N2 inlet, and addition funnels. N-methyl 

30 pyrrolidone. 864 gm; isopropanol. 21 6 gm; and a 50% solution of methyoxypolyetiiyleneglycol methacrylate (Bisomer 

S20W, International Spedalty Chemicals) in water, 108 gm, was added to the pot. and were heated to reflux. Feed I 
[Bisomer S20W. 612 gm], Feed II [methytmetiiacrylate. 720 gm and styrene. 120 gm], and Feed III [VAZO. 67, 24 gm 
dissolved in N-methyl pyrrolidone. 216 gm] were started at time 0.0 minutes. Feeds I and II were added over 360 min; 
Feed III was added over 390 min. After all feeds were complete, the reaction was refluxed and additional 30 minute. 
35 At 420 min. 240 gm of solvent were distilled off. and 272 gm of N-methyl pyrrolidone were added. The final product was 
a solution of a graft copolymer of metiiylmethacrylate(60)-co-styrene (lO)-g-methoxypolyethyieneglycol methacrylate 
(30) at 40.6% solids. 

Example 2 

40 

[0022] A 2-liter flask was equipped witii a mechanical stirrer, tiiermocouple, N2 inlet, and addition funnels. A Monomer 
Solution [isopropanol, 345 gm, a 50% solution of methyoxypolyethyieneglycol methacrylate in water (Bisomer S20W, 
International Specialty Chemicals), 230 gm, methyl metiiacrylate, 310 gm. and styrene, 25 gm, were placed in an addi- 
tion funnel. An Initiator Solution [VAZO( 52, 10 gm dissolved in N-methyl pynrolidone, 40 gm] was placed in a second 

45 addition funnel. Isopropanol, 190 gm, and 10% of the Monomer Solution were added to the pot and heated to reflux. 
After reflux was achieved, 10% of the Initiator Solution was dropped into tiie pot The remainder of the Monomer Solu- 
tion and 80% of the Initiator Solution were fed Into the pot over 240 min. At 240 minute, the remaining Initiator Solution 
was fed Into the pot over 1 min. and tiie reaction was refluxed and additional 60 min. 500 grants of polymer solution 
were mixed with 293 grams of N-methyl pyrrolidone and heated to renrrove isopropylalcohoi. The final product was a 

50 solution of a metiiylmethacrylate (62)-co-styrene(15)-g-methoxypolyletiTyleneglycol methacrylate (23) graft copolymer 
at 37% solids. 

Example 3 - 

55 [0023] A 2-llter flask was equipped with a mechanical stirrer, tiiermocouple, N2 inlet, and addition funnels. N-methyl 
pyrrolidone, 1 80 gm and isopropanol. 75 gm were added to the pot and heated to reflux. Feed I [a 50% solution of meth- 
yoxypolyethyieneglycol methacrylate (Bisomer S20W, International Specialty Chemicals) in water, 180 gm. benzyl 
methacrylate, 210 gm. N-methyl pyrrolidone. 60 gm and isopropanol, 45 gm], and F ed II [Lupersol® 11, 6 gm dis- 



4 



EP 0 974 607 A1 

solved in N-methyl pyrrolidonei 24 gm] were started at time 0.0 minutes. Feed I was added over 360 min; Feed II was 
added over 390 min. After all feeds were compi te. th reaction was ref luxed and additional 30 minut s. TTie final prod- 
uct was a solution of benzyl methacrylate (70) -g-methoxypolyethyleneglycol methacrylate (30) graft copolymer at 
38.2% solids. 

5 

Example 4 

[0024] A 5-liter flask was equipped with a mechanical stirrer, thermocouple. N2 inlet, and addition funnels. Propylene 
glycol propyl ether, 1 100 gm, and a 50% solution of methyoxypolyethyteneglycol methacrylate (Bisomer S20W, Interna- 
10 tional Spedalty Chemicals) in water. 75 gm, were added to the pot and heated to reflux. Feed I [Bisomer S20W, 425 
gm]. Feed II [methyl methacrylate, 750 gm] and Feed III [VAZO( 67. 20 gm dissolved in propylene glycol propyl ether, 
180 gm] were started at time 0.0 minutes. Feeds I and 11 were added over 360 min; Feed 111 was added over 390 min. 
After all feeds were complete, the reaction was refluxed and additional 30 minutes. The final product was benzyl meth- 
acrylate (75) -g-methoxypolyethyleneglycol methacrylate (25) at 38.9% solids. 

IS 

Example 5 
Glossarv of Terms: 
20 [0025] 

PnP Dowanol® PnP (Dow Chemical): propylene glycol n-propyl ether 

S-7602 Silwet® L7602 (OSI Specialties): polyalkylene oxide modified dimethyl polysiioxane surfactant 
BYK-019 (BYKChemie): silicone defoamer 
25 BYK-024 (BYK Chemie) : silicone d^amer 

[0026] A cyan ink concentrate was prepared by mixing the first three Ingredients together and then processing the 
mixture on a two roll mill for 30 minutes. The chip was then dissolved In the remaining ingredients listed. 





benzyl methacrylate (13)-b-methacrylic acid (10) at 49.7% solids 


402.4 g 




phthalocyanine pigment 


300 g 


35 


diethylene glycol 


45g 




N-methyi pyrrolidone 


426.4 g 




Proxel GXL 


7.99 g 


40 


Deionized water 


1861 .34 g 



[0027] Ink Samples 1 and 2 were then prepared using the concentrate as follows. Amounts are expressed in granr^ 
unless otherwise noted. 



Component 


Ink Sample No. 




1 


2 


Cyan Concentrate 


20 


12 


PnP 




6 


BYK-019 


0.9 




BYK-024 


0.6 




S-7602 


2 




graft co-polymer from example 1 




12.1 
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(continued) 



70 



Conponent 


Ink Sample No. 




1 


2 


graft co-potymer from example 2 


6.8 




graft co-polymer from example 3 


13.1 




N-methyl pyrrolidone 


8.3 




hexylene glycol 


10 


3 


diethylene glycol 


7 


6 


Water 


38.3 


20.9 



75 [0028] Ink Samples 1 and 2 were then printed using a Trident Pixel Jet 64 pen onto different textile substrates as iden- 
ttfied in the table below and sent for wash testing according to AATCC-61 . 1 A. Results are reported below. 



20 


Ink Sample 


Textile 


Optical Density (as 
prirrted) 


Optical Density (after 
wash) 




1 


Cotton knit 


0.3 


0.25 




2 


Cotton knit 


0.55 


0.52 


25 


2 


poly 730 


0,51 


0.47 




2 


400M 


. 0.71 


0.61 




2 


poly batiste 


0.51 . 


0,41 


30 ' 


2 


, poly/cptton 50/50 


..... _ , ,0.61 _ „ 


. 0.56 



Claims 

35 1 . A non-ionic graft copolymer comprising a hydrophobic backbone and non-ionic, hydrophilic side chains, said side 
chains having a number average molecular weight of at least 500; wherein said graft copolymer is substantially 
insoluble in water, but is soluble in an aqueous vehicle comprising no more than 80% by weight water and at least 
one organic co-solvent. 

40 2. The graft copolymer of claim 1 , wherein the backbone is comprised of monomers selected from the group consist- 
ing of methyl acrylate, methyl methacrylate, styrene, alpha-methyl styrene, phenyl acrylate, phenyl methacrylate, 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl acrylate, 2-phenylethyl methacrylate, 2-phenoxyethyl acrylate, 
2-phenoxyethyl methacrylate. 1-napthalyl acrylate, 2-naphthalyl acrylate, 2-naphtiialyl methacrylate, p-nitrophenyl 
acrylate, p-nitrophenyl methacrylate, phthalimidometiiyl acrylate, phthalimidomethyl metiiacrylate, N-phenyl acry- 

45 lamide, N-phenyl methacrylamide. N-benzyl acrylamide, N-(2 -phenyl ethyl)acrylamide, N-(2-phthalimidoettioxyme- 
thyl) acrylamide. vinyl benzoate, ethyl aaylate, n-butyl acrylate, 2-ethylhexyl acrylate, ethyl methaaylate, n-butyl 
methacrylate, t-butyl methacrylate. 2-ethylhexyl metiiacrylate, cydohexyl methacrylate. vinyl acetate, and vinyl 
butyrate. 

50 3. The graft copolymer of claim 1 . wherein the side chains have a number average molecular weight of 1000-2000 and 
comprise macromonomers which are 

a) soluble in water but are insoluble in non-polar organic solvents; and 

b) made from non-ionic monomers selected from the group consisting of ethyoxytrlethylene glycol methacr- 
55 ylate, methoxypolyethylene oxide methacryate, methoxypolyeihylene oxide acryate. polyethylenoxide methacr- 
ylate, polyethylenoxide acrylate, and N-vinyl pyrrolidone. 

4. The graft copolymer of claim 1 . wherein the side chains comprise 15 ■ 60% by weight of tiie graft copolymer. 



6 



EP0974 607 Al 



5. The graft copolymer of claim 4, wherein the side chains comprise 20 - 50% by weight of the graft copolymer. 

6. An aqueous coating conposition comprising 

5 a) an aqueous vehicle comprising water and at least one organic co-solvent, wherein water comprises no more 

than 80% by weight of the total weight of the vehicle; and 

b) a non-ionic graft copolymer comprising a hydrophobic backbone and non-ionic, hydrophilic side chains, said 
side chains having a number average molecular weight of at least 500. wherein the graft copolymer is soluble 
in the vehicle but substantially insoluble in water. 

10 

7. The composition of claim 6, wherein said aqueous vehicle comprises 60-70% by weight of water based on the total 
weight of the vehicle. 

8. The composition of claim 6, comprising: 

15 

a) an aqueoi^ vehicle comprising water, a water miscible pyrrolidone, and a glycol ether, wherein water com- 
prises no more than 80% by weight based on the total weight of the vehicle; 

b) a graft copolymer binder having a hydrophobic baddsone and non-ionic, hydrophilic side chains, which 
binder is soluble in the aqueous vehicle but sut^stantiatly insoluble in water; and 

20 c) a surfactant selected from the group consisting of silicon suriactants and fluorinated suriactants. 

9. The composition of claim 6, wherein the graft copolymer backtwne is comprised of monomers selected from the 
group consisting of methyl acrylate. metiiyl methacrylate. styrene, alpha-methyl styrene. phenyl acrylate, phenyl 
methacrytate, benzyl acrylate, benzyl methacrylate, 2-phenylethyl acrylate, 2-phenyl ethyl methacrylate, 2-phenox- 

25 yethyl acrylate. 2-phenoxyethyi methacrylate, 1-naptiialyl acrylate, 2-naphthalyl acrylate, 2-naphthalyi methacr- 
ylate. p-nitrophenyl acrylate. p-nitrophenyl methaaylate. phthalimidomethyt acrylate. phthalimidometiiyl 
. methacrylate, N-phenyl acrylamide, N-phenyi methacrylamide. N-benzyl acrylamide, N-(2-phenylethyl)aayiamide, 
' N-{2-phthalimidoethoxymethyl) acrylamide. vinyl benzoate, ethyl acrylate. n-butyl acrylate. 2-ethylhexyl acrylate, 
etiiyl methacrylate, n-butyl methacrylate. t-butyl methacrylate, 2-etiiylhexyl methacrylate, cyclohexyl methacrylate, 
■30- - • vinyl acetate,' and vinyl tnJtyrate.^ - - - - — - - 

10. The composition of claim 6. wherein the side chains have a number average nx)lecular weight of 1000-2000 and 
comprise macromonomers which are 

35 a) soluble in water but are insolut>le in non-polar organic solvents; and 

b) made from non-ionic monomers selected from the group consisting of ethyoxytriethylene glycol methacr- 
ylate, methoxypotyethylene oxide methacryate, methoxypolyethylene oxide acryate, polyethylenoxide methacr- 
ylate. polyethylenoxide acrylate, and N-vinyi pynrolidone. 

40 11. The composition of claim 6, wherein the side chains comprise 15 - 60% by weight of the graft copolymer. 

12. An washfast ink composition for use in printing of textiles, comprising: 

a) an aqueous vehicle comprising water and at least one cb-solvent, wherein water comprises no more than 
45 80% by weight of the total weight of tiie vehicle; 

b) a colorant; and 

c) a non-ionic graft copolymer comprising a hydrophobic backbone and non-ionic, hydrophilic side chains, said 
side chains having a number average molecular weight of at least 500. wherein the graft copolymer is soluble 
in the vehicle but substantially insoluble in water. 
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